[Abstract] To investigate cellular, molecular and behavioral mechanisms of noxious cold detection, we developed cold plate behavioral assays and quantitative means for evaluating the predominant noxious cold-evoked contraction behavior. To characterize neural activity in response to noxious cold, we implemented a GCaMP6-based calcium imaging assay enabling in vivo studies of intracellular calcium dynamics in intact Drosophila larvae. We identified Drosophila class III multidendritic (md) sensory neurons as multimodal sensors of innocuous mechanical and noxious cold stimuli and to dissect the mechanistic bases of multimodal sensory processing we developed two independent functional assays.
2012; Yan et al., 2013) . The Transient Receptor Potential (TRP) channels Pkd2, NompC, and Trpm are required for mediating noxious cold-evoked behavior and behavioral selection in response to innocuous mechanical vs. noxious cold stimuli is dependent upon class III neural activation levels providing insight into the mechanisms underlying cold nociception and multimodal sensory processing (Turner et al., 2016) . (Turner et al., 2016) e. Class IV md neuron driver: GAL4 pp1. 9 and GAL4 477 (Turner et al., 2016) f. e. Select 6-9 third instar larvae ( Figure 1A ) at a time with a brush for cold plate assay and rinse them gently with tap water in a 9-well glass spot plate. www.bio-protocol.org/e2388 We developed an optogenetic dose response assay and implemented the use of the stable calcium integrator CaMPARI to investigate how a single class of md sensory neuron is able to mediate unique behaviors (HW and CT) in response to two distinct sensory stimuli. In the optogenetic dose www.bio-protocol.org/e2388 ii. Use the dark field illumination setting on the microscope stage. Turn on the LED for bottom illumination, increase the brightness just enough to barely see the larva.
Materials and Reagents
b. Mount recording equipment onto the microscope.
2. Prepare a genetic cross or stock as described above and age embryo collection to 96-102 h AEL prior to optogenetic dose response assay.
3. Prepare ATR supplemented food for optogenetic experiments a. Final concentration of ATR needs to be 1,000 μM.
b. In a dimly lit room, add appropriate amount of ATR in liquefied food, mix thoroughly and allow the food to solidify.
Note: Maintain ATR and ATR supplemented food in the dark.
4. For the ATR condition: add the genetic cross/stock to ATR supplemented food containing vial.
5. For the no ATR control condition: add the genetic cross/stock to normal food containing vial.
6. Place both types of crosses in the dark. e. Place the larva on the center of glass piece.
Note: Make sure there is not too much water around the animal, as it will make quantification difficult.
f. Allow animal to acclimate to the plate and resume peristaltic movement.
g. Use a timer for precise blue light delivery and expose the animal to the following blue light on/off cycles ( Figure 3B ).
i. 10 sec off-5 sec on-10 sec off-5 sec on-10 sec off-5 sec on-10 sec off.
ii. Executing multiple stimulations per animal will allow within animal comparisons of multiple stimulations.
h. Repeat the previous step until an N of 20 third instar larvae is achieved for each blue light dose.
i. Quantify changes in length as described in Data analysis section. (Figure 3C and Video 4) 12 exposed 100% or 66% max blue light. 100% illumination elicits CT behavior (consistent with noxious cold evoked behavior), whereas 66% illumination elicits HW behavior (consistent with gentle touch evoked behavior).
Video 4. Optogenetic dose response. Video of larvae expressing ChETA in class III md neurons being exposed to either 100% or 66% max blue light.
E. CaMPARI Ca 2+ integrator assay 1. As with GCaMP analysis, optimize red and green fluorescence for live confocal imaging.
2. Optimize photo-converting (PC) light intensity for consistent green to red photo-conversion.
a. PC light is delivered via Zeiss AxioZoom.V16 using previously described filter cube set.
b. Using Zeiss AxioZoom.V16 microscope and HXP200C lamp, deliver 84,000 lux for 20 sec of PC light, which reliably photo-converts CaMPARI from green to red in presence of high calcium.
3. Prepare 1:5 (v/v) ratio of ethyl ether:halocarbon oil #700 solution in an amber glass dropper bottle at least one day prior to imaging.
4. Prepare a genetic cross or stock as described above and age embryo collection to 96-102 h AEL prior to CaMPARI analysis.
5. Prepare microscope slide for calcium imaging.
a. Obtain one microscope slide, two 22 x 22 mm coverslips, and one 24 x 50 mm long coverslip.
b. Place a small drop of ethyl ether:halocarbon oil #700 solution on both ends of the slide.
c. Place two small coverslips on top of the small droplets. Shimmy the coverslips, one at a time, and stop after the coverslip is difficult to move.
6. Turn on your PC light delivery system.
7. Set up stimulus delivery equipment on the base of the microscope.
a. For noxious cold stimulus, place the Peltier plate as shown in Figure 4A .
b. For light touch stimulus, attach a fine brush bristle to nickel plated pin holder as shown in Figure 4A inset.
www.bio-protocol.org/e2388 is not straight on the slide, then use forceps to reorient the larva to the preferred direction.
www.bio-protocol.org/e2388 14 Generously add drops of ethyl ether:halocarbon oil #700 solution on to and around the larva.
c. Place a 24 x 50 mm coverslip on top of the larva and the two coverslips. Again, shimmy, this time gently, until the larva is completely flat, straight and desired side of the animal facing up.
11. Image z-stacks of neuronal cell bodies in the neural type of interest.
Imaging multiple segments and/or both hemisegments will allow more detailed analysis of spatial CaMPARI response.
Data analysis
1. Behavioral quantitation for cold plate and optogenetic dose response assays a. Uncompress video files using Video to video converter (videotovideo.org).
b. Open uncompressed video file as gray scale in ImageJ.
c. Use threshold function to make the larva black and white ( Figure 5 ). ii. Ln is the length of larva in one frame. 16
